Over the last few decades, the recognition of behavioral phenotypes has become increasingly important in clinical genetics. Behavioral phenotypes have been defined as characteristic patterns of motor, cognitive, communicative and social abnormalities that are consistently associated with a biological disorder ([@b55]). Being familiar with typical behavioral features as part of manifestations of disease has important implications relating to diagnosis, management and research. From a diagnostic standpoint, identifying a particular behavioral pattern may be as important as recognizing physical dysmorphism. [@b30] suggested that a behavioral phenotype represents increased probability that individuals with a given syndrome exhibit certain behavioral and developmental features in comparison to those who do not present the syndrome. This probabilistic concept of behavioral phenotypes accounts for eventual interindividual variability in occurrence, intensity, and timing of behavioral features.

For diagnostic purposes, it has been recommended that the observed traits should be subjected to assessment using measurable criteria in at least five different domains, namely intellectual functioning, speech and language, attention deficits, social impairment, and other behavioral disturbances (eg, self-injury) ([@b52]). Evaluation of the features must take the individuals' developmental complexity into account. It must be noted that there is wide variation in the availability of tests for assessing these different domains. Caution must be taken to avoid restrictive symptom interpretation, which might overlook factors such as anxiety, depression or differently qualified behavioral problems that may be difficult to recognize but might be amenable to effective management.

As for management, correct identification of certain communication strategies or certain behavioral problems should direct the therapeutic approach while avoiding inappropriate treatment ([@b57]).

As regards research, the concept of behavioral phenotypes has proved to be of great importance for understanding of biological and genetic contributions to behavior. Angelman syndrome provides an historical and on-going illustration of this process. Actually, [@b1] pioneered the behavioral phenotype concept by emphasizing a 'puppet'-like behavior as a distinctive feature of the syndrome he described. Angelman syndrome manifests itself clinically as a severe form of developmental delay including a virtual absence of speech and abnormal gait as well as other coordination difficulties, an exuberant, contagiously happy demeanor with almost constant smiling and prominent laughing, tongue protrusion and a seizure disorder ([Table 1](#tbl1){ref-type="table"}).

###### 

Clinical diagnostic criteria for Angelman syndrome (Adapted from [@b84])

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **A. Consistent features** (100%)
  Developmental delay, functionally severe
  Movement or balance disorder, usually ataxia of gait, and/or tremulous movement of limbs. Movement disorder can be mild. May not appear as frank ataxia but can be forward lurching, unsteadiness, clumsiness, or quick, jerky motions
  Behavioral uniqueness: any combination of frequent laughter/smiling; apparent happy demeanor; easily excitable personality, often with uplifted hand-flapping, or waving movements; hypermotor behavior
  Speech impairment, none or minimal use of words; receptive and nonverbal communication skills higher than verbal ones
  **B. Frequent features** (more than 80%)
  Delayed, disproportionate growth in head circumference, usually resulting in microcephaly (−2 standard deviations of normal head circumference) by age 2 years. Microcephaly is more pronounced in those with 15q11.2-q13 deletions
  Seizures, onset usually before 3 years of age. Seizure severity usually decreases with age but the seizure disorder lasts throughout adulthood
  Abnormal electroencephalogram, with a characteristic pattern ([@b19]). The electroencephalographic abnormalities can occur in the first 2 years of life, can precede clinical features, and are often not correlated to clinical seizure events
  **C. Associated features** (20%--80%)
  Flat occiput
  Occipital groove
  Protruding tongue
  Tongue thrusting; suck/swallowing disorders
  Feeding problems and/or truncal hypotonia during infancy
  Prognathia
  Wide mouth, wide-spaced teeth
  Frequent drooling
  Excessive chewing/mouthing behaviors
  Strabismus
  Hypopigmented skin, light hair, and eye color compared to family), seen only in deletion cases
  Hyperactive lower extremity deep tendon reflexes
  Uplifted, flexed arm position especially during ambulation
  Wide-based gait with pronated or valgus-positioned ankles
  Increased sensitivity to heat
  Abnormal sleep-wake cycles and diminished need for sleep
  Attraction to/fascination with water; fascination with crinkly items such as certain papers and plastics
  Abnormal food related behaviors
  Obesity (in the older child)
  Scoliosis
  Constipation
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

From a behavioral phenotype to genetic characterization
=======================================================

Replication and extension of Harry Angelman's findings ([@b1]) in a large number of patients led to the detection of chromosome 15q abnormalities in a high proportion of cases ([@b47]). This discovery led to subsequent identification of abnormalities specifically affecting the chromosome 15 inherited from the mother, while similar abnormalities affecting the paternally-inherited are associated with Prader-Willi syndrome, a clinically distinct condition ([@b44]). These two disorders thus illustrate the phenomenon of genomic imprinting, where the factor determining the phenotypic outcome is the parental origin of the chromosome defect, reflecting differential expression of genes according to their maternal or paternal origin. Angelman syndrome and Prader-Willi syndrome thus provided the first example of 'imprinting mutations' in humans. Therefore, Angelman syndrome has become the clinical archetype of this nonmendelian type of inheritance. Based on the same assumption of the clinical validity of Angelman syndrome, several causative genetic mechanisms were subsequently characterized, eventually leading to the identification of the responsibility of loss of *UBE3A* gene function in inducing the syndrome ([@b43]; Matsuura et al 1997). Almost all manifestations of Angelman syndrome seem to be related to lack of *UBE3A* gene expression in the brain. In physiological conditions, only the maternal allele is expressed in some brain regions. Lack of *UBE3A* expression may result from several mechanisms including deletion of the 15q11-q13 region of the chromosome 15 inherited from the mother (this may be isolated or rarely be due to chromosome re-arrangement), paternal uniparental disomy (this may occur postzygotically or less often arise through meiotic nondisjunction), imprinting defect (this may occasionally be due to imprinting center mutation), or *UBE3A* mutation (reviewed in [@b23]). Because the *UBE3A* gene is known, the characterization of a behavioral phenotype can promote insights into the mechanisms by which they arise. Such a 'bottom-up' line has been suggested for finding the molecular determinants that might account for some neurophysiological aspects of the syndrome ([@b24]). However, similar approaches aiming to understand genetic mechanisms underlying behavior are likely to be less successful, as contributions of single genes to behavior are very limited. In contrast, interactions between genes, and between genetic and environmental factors are expected to be major. Moreover, further methodological improvements are required to better characterize the behavioral features that accompany the syndrome ([@b36]).

Studies of Angelman syndrome behavioral phenotype
=================================================

The behavioral aspects of a large number of patients with Angelman syndrome have been reported (eg, [@b66]; [@b33]; [@b85]; [@b15]; [@b40]; [@b60]; [@b6]; [@b67]; [@b8]; [@b9]; [@b45]; [@b68]; [@b37]; [@b7]; [@b54]; [@b21]). This has led to preliminary delineation of a constellation of features including prominent laughter, hyperactivity, peculiar communication pattern, mouthing of objects and motor stereotypies. Systematic studies of the behavioral phenotype have confirmed or qualified these observations ([@b71]; [@b70]; [@b13]; [@b80]; [@b56]; [@b27], [@b28]; [@b3]; [@b35]; [@b78]). No clear differences have emerged so far between the different molecular classes underlying Angelman syndrome (chromosome 15q11-q13 deletion, uniparental disomy, imprinting defect, or *UBE3A* mutation). The link between genotype and phenotype is yet to be clarified.

Happy demeanor
==============

Apparent happy disposition with frequent smiling and laughing has been regarded as a hallmark of Angelman syndrome since the original description as 'puppet children' ([@b1]). It has been reported with great consistency in subsequent descriptions. This aspect served to label the condition ('happy puppet syndrome') for over 15 years, before use of the eponym Angelman syndrome was encouraged ([@b82]). It is included within the features of the 'behavioral uniqueness' that characterizes 100% of patients with Angelman syndrome ([@b84]) ([Table 1](#tbl1){ref-type="table"}). In a survey of 64 studies reporting behavioral features in a total of 842 patients aged from a few months to 76 years of age, [@b36] noted than only 4 studies did not make any reference to laughing, smiling or happy demeanor. Some authors proposed that smiling and laughing were pathognomonic of the condition ([@b71]). In a comparison with other conditions, individuals with Angelman syndrome were found to be more likely to exhibit cheerful or happy behavior than patients with Down syndrome, Prader-Willi syndrome or nonspecific mental retardation ([@b80]). However, this has been questioned by a more recent case-control study, in which no difference was found in the prevalence of unprovoked laughter between patients with Angelman syndrome and control participants with moderate to profound mental retardation ([@b3]).

Some authors have suggested that bouts of laughter were inappropriate, whether context-inappropriate (eg, [@b42]; [@b29]; [@b8]) or unrelated to context (eg, [@b4]; [@b31]; [@b10]; [@b46]; [@b65]). It has also been suggested that laughter was independent of happy or sad environments and not associated with any emotional change ([@b82]). In our experience, laughter seems to be very often clearly related to context, though it may occur in situations that are not thought to be pleasant, such as blood sampling, as noted by others ([@b42]; [@b29]; [@b14]). It may increase markedly with anxiety and some patients may appear to be in discomfort during pervasive bouts of laughter. In the original report, [@b1] described that it could often occur as 'an almost convulsive state' and that 'spike and wave forms were present during the period of laughter'. However, there has been no further evidence of gelastic seizures in Angelman syndrome ([@b58]). Extremely rarely, laughing can provoke potentially dangerous syncope (which is amenable to pharmacological treatment) ([@b75]). More often smiling and laughing appear to be appropriate. One study specifically addressing this question showed that three children with Angelman syndrome showed increased smiling and laughing in social contexts expressly, contrasting with low levels of smiling and laughing in nonsocial situations ([@b56]). A further study of 11 children aged 4 to11 years with a chromosome 15q11-q13 deletion showed that smiling and laughing were enhanced in a condition involving adult speech, touch, smiling, laughing and eye contact compared with a condition involving adult speech only or adult proximity only ([@b35]). Laughter may become less frequent with advancing age ([@b8]; [@b45]). We have seen several adolescents and adults who looked miserable for prolonged periods; in some cases, this accompanied medical problems such as severe gastroesophageal reflux.

Hyperactivity, impulsivity, and inattention
===========================================

Hyperactivity has been noted with great consistency (eg, [@b85]; [@b8]; [@b37]; [@b70]; [@b13]; [@b51]; [@b2]). Hypermotor behavior is mentioned as part of the 'behavioral uniqueness' ([@b84]) ([Table 1](#tbl1){ref-type="table"}). [@b63] suggested that exuberance better describes this behavior. Lower hyperactivity/noncompliance scores were found than in patients with nonsyndromic developmental disabilities ([@b70]), Smith-Magenis syndrome ([@b13]), or Prader-Willi syndrome ([@b13]). In one other study patients with Angelman syndrome had higher hyperactivity scores than controls with moderate to profound mental retardation ([@b3]). Hyperactivity appears to decrease with age ([@b8]; [@b13]). [@b16] observed that hyperactivity of childhood gave way to reluctance to exercise in all 28 adolescents and adults she studied.

Impulsivity is also frequent. However, it is not more prevalent than in nonspecific mental retardation and significantly less prevalent than in Down syndrome ([@b80]). In one study, impulsivity was significantly less frequent in Angelman syndrome (27%) than in nonspecific moderate to profound mental retardation (60%) ([@b3]).

Distractibility and short attention span is frequent but has insufficiently been studied ([@b50]; [@b64]; [@b3]). It seems to be comparable with findings in moderate to profound intellectual disability ([@b3]), though one study documented shorter attention span and higher levels of distractibility in Angelman syndrome than Down syndrome, Prader-Willi syndrome, or nonspecific mental retardation ([@b80]). Among other factors, attention may be disrupted by seizure activity ([@b59]). Attention span has been noted to increase with age ([@b16]).

Effect of management of problematic hyperactivity, impulsivity, and inattention has not been studied in patients with Angelman syndrome. Current approaches are mostly behavioral.

In some patients, neuroleptic (ie, antipsychotic) medication may be beneficial. Low dose neuroleptics (eg, risperi-done) may reduce both hyperactivity and impulsivity. Dosage varies according to the desired effect and may greatly differ from patient to patient. Neuroleptics have no significant positive effects on cognitive or attentional problems but may enhance them, particularly at higher doses. They may be associated with a number of side effects, including sedation and motor effects. In addition, propensity toward weight gain may limit the use of risperidone.

Drugs in 'antidepressant' classes may be useful in some patients. In our experience, tricyclic agents, such as amitriptylin, can be effective in reducing hyperactivity and impulsivity. They do not seem to improve attention. Cholinergic side effects may occur, such as dry mouth (which is usually not a problem given the spontaneous drooling) and gastrointestinal perturbations, including constipation. In a few patients, we found that selective serotonin reuptake inhibitors (we used fluoxetine) could reduce hyperactivity, impulsivity and anxiety. However, in one 6 year-old girl with a chromosome 15q11-q13 deletion, fluoxetine seemed to enhance impulsivity, hyperactivity and excitability. Potential interference with sleep quality and architecture ([@b59]) should be considered. The recent development of chronobiotic agents may be promising in this respect.

The effectiveness of psychostimulant drugs, such as methylphenidate, has been debated but no sound data are available. In our experience, these agents have not been useful in controlling behavioral problems or in increasing attention in patients with Angelman syndrome. In one personal case ([@b20]), a 7 year-old boy with a chromosome 15q11-q13 deletion, methylphenidate precipitated a state of lethargy associated with generalized fast electroencephalographic activity ('mu rhythm status').

More recent drugs used in attention deficit/hyperactivity disorder, such as atomoxetin, have not been evaluated reliably in Angelman syndrome. In this context, it would appear particularly important to study medication with expected action on mood, anxiety, and attention.

Stereotypies
============

Stereotyped behaviors, including stereotypies, compulsions, and rituals, can be seen. Motor stereotypies are very frequent ([@b71]; [@b78]). They may be focal (eg, head shaking, grimacing, bruxism, finger wiggling) or whole-body movements (eg, rocking, jumping, or walking back and forth), with rather fixed and predictable patterns in a given patient. None of these patterns are specific, as they frequently occur in other conditions with mental retardation or communication disorder, and even sometimes in typically developing children.

The most characteristic pattern, mentioned in the clinical diagnostic criteria ([@b84]), is hand flapping and waving. Hand flapping was reported in 73% and 74% of individuals, respectively, in a study of 68 patients (aged 1 to 22 years, mean 9.6) ([@b2]) and a study of 340 patients (aged 3 to 22 years, mean 11.0) ([@b79]). It must be noted that hand flapping is frequent in other syndromes (eg, fragile X syndrome) as well as nonsyndromic mental retardation and autistic spectrum. Furthermore, stereotyped hand flapping is not uncommon in typically developing infants ([@b72]), toddlers and even children ([@b48]). However, in a comparative study of children and adolescents, patients with Angelman syndrome were found to engage significantly more in repetitive hand flapping than those with Down syndrome, Prader-Willi syndrome or nonspecific mental retardation ([@b80]).

Stereotypies also often involve the mouth, with mouthing or chewing of nonedible objects. Prevalence of eating nonfood substances may vary between 5% ([@b51]) and 42% of patients ([@b3]). This behavior seems to be more prevalent in Angelman syndrome than in other forms of mental retardation ([@b80]).

Occasionally, stereotyped behaviors can have self-injurious effects, such as mouthing blunt objects or toxic substances. Compulsive eye-rubbing, which may become prominent in adolescence or adulthood, may result in kera-toconus.

Stress, excitement, fatigue, or apparent boredom may be favoring factors. Stereotypies may be suppressed by distracting the subject. In most individuals, stereotypies do not cause discomfort or significant social impairment. Therefore, no treatment is required. When management is indicated, non-pharmacological approaches appear limited; restrain therapy may lead to discomfort. Pharmacological treatment may also be limited, both by lack of efficacy and adverse effect. Possible options include risperidone and fluoxetine.

Autistic features
=================

In addition to the stereotypies described above, a number of characteristic features of Angelman syndrome may be seen in the context of the autistic spectrum, including virtual absence of speech, impaired use of nonverbal communicative behaviors (facial expression, body postures/gestures to regulate social interaction and decoding of emotional facial expressions), attention deficits, hyperactivity, feeding and sleeping problems, and delays in motor development. Autistic features are considered as comorbidity by some authors ([@b83]) and as characteristic of the syndrome by others. The notion that autistic symptomatology is typical ([@b69]) has been disputed ([@b73]). Repetitive sensory and motor behaviors have been correlated with a low developmental profile rather than seen as indicating autism ([@b5]). Several authors have reported a low incidence of autistic features in children with Angelman syndrome ([@b17]; [@b77]), emphasizing appropriate social reciprocity ([@b68]; [@b67]). In two recent studies, a high incidence of DSM-IV-based diagnoses of autistic disorder was suggested: 10 in 16 ([@b74]) and 8 in 19 ([@b61]). Three other patients in the first study and all the other patients in the second study had some autistic-like behaviors, most noticeably stereotyped hand or body mannerisms. The discrepancies between the different reports may be related in differences in studied populations and in study design. However, subjective interpretation of the symptomatology might also be an important factor even in studies based on validated evaluation scales. It must be stressed that incorrect diagnosis of autistic spectrum may result in misinterpretation of behavioral features and in overlooking the social and communication potential. This may enhance the risk of a self-fulfilling prophecy.

Social interaction
------------------

In contrast to the autistic-like features, the conviviality of most patients with Angelman syndrome is particularly striking. Interest for social interaction seems to be prominent from early infancy, when social smiling emerges. Most patients are eager to communicate despite the verbal impairment, though nonverbal behaviors, such as facial expressions, body postures, and gestures regulating social interaction, may lack accuracy and be difficult to interpret. The 'happy' disposition is accompanied by a markedly positive interpersonal bias and social disinhibition, which persists in adulthood. Though individuals appear to be almost constantly happy, some may have high levels of anxiety. Fear of strangers is often diminished but specific phobias may be present. Fear of crowds can affect up to half of patients and fear of noise up to a third ([@b2]). Aggressive behavior is rare both in children and adults ([@b50]; [@b85]; [@b71]; [@b16]). However, despite a tendency toward social gregariousness and positive interpersonal bias, patients often encounter problems in everyday interaction because of poor detection and respect of emotional and social signals. Therefore, overall social adaptation may be impaired. Management of eventual social maladaptiveness is mostly behavioral. Educational and cultural factors seem to have a major impact on social interaction.

Behavioral adaptability
-----------------------

Adaptive behavior skills are generally reduced, being relatively more impaired than social skills. The impairment in adaptive skills is mostly due to weakness in cognitive ([@b62]), motor ([@b22]), and communication skills ([@b41]). Patients have difficulties in achieving coordinated psychomotor skills and those required for mastering activities of daily living, such as self-help and independence in feeding, dressing and toileting. All individuals require supervision, including as adults. However, there is wide variation in self-help skills. Among 28 patients (16 females and 12 males) aged between 16 and 40 years, 21 were able to walk, 20 could feed themselves, 14 could dress and undress provided the fastenings on the clothes were simple, all required assistance with washing, 20 had day-time sphincter control while 3 had night-time sphincter control, 7 could carry out simple household tasks, most were able to make simple choices and indicate likes and dislikes but they had no sense of danger, and none were able to cross the street safely on their own or manage money ([@b16]). Three adults in this group had a professional activity (delivering newspapers, cleaning, and helping in a shop), which they carried out under constant supervision. The main problems appear to be difficulties in remaining focused on an activity and impaired recognition of danger. The latter may occasionally be fatal ([@b38]). Management with training procedures may be effective for developing adaptive skills ([@b26]).

In contrast with weakness in motor-related skills, patients with Angelman syndrome show a significant strength in socialization ([@b62]) that is based on nonverbal interactions ([@b84]). This has been hypothesized to be related to happy demeanor ([@b80]). However, these authors found that patients with Angelman syndrome did not show higher adaptive social skills than those with nonspecific mental retardation, and significantly less than patients with Down syndrome or Prader-Willi syndrome ([@b80]). In general, young adults are described as fitting well into their local communities and as being very sociable ([@b16]). It must be noted that participation in life events and society at large, a dimension that has increasingly been emphasized with respect to disability, is often limited by a form of cultural prescription. The latter may be overcome at many levels. Efforts to increase participation of patients with Angelman syndrome or other disabling conditions should not be less directed at changing environmental factors than at improving adaptive skills.

Eating disorders
----------------

In addition to nonfood-related oral behaviors, a variety of eating problems may occur ([@b13]; [@b84]). Increased appetite and behavioral orientation to food affect about a third of patients ([@b3]). These abnormal food behaviors (which are typical of Prader-Willi syndrome) may also lead to obesity ([@b16]). Intensive behavioral approaches may be necessary, including low-calorie diet, a regular exercise regimen, strict enforcement of limits, and constant supervision. Another common food-related problem is marked preference for certain foods, particularly those that do not require much chewing, such as bread, pasta, or banana. Counseling of carers about nutrition and oral function may be helpful. As food preference is a learned behavior, it can be altered by education.

Conclusion
==========

The behavioral phenotype of Angelman syndrome has been increasingly better characterized over the last few decades. Apparent happiness is the hallmark of the syndrome, associated with profuse smiling, poorly specific laughing and general exuberance, with hypermotor behavior, stereotypies, and proactive social contact. However, behavioral adaptation is reduced and this seemingly happy demeanor may be deceptive, in particular with regard to anxiety. Prevalence of autistic disorder is still debated, possibly in relation to discrepancies in interpretation of autistic-like features. Research on animal models has already yielded valuable insights into other features of Angelman syndrome, including some areas of cognition, motor control, epilepsy, sleep, and electrophysiology ([@b39]; [@b25]; [@b53]; [@b81]; [@b11], [@b12]; [@b18]; [@b34]; [@b76]; [@b32]). More specific study of behavior is still needed. In addition, the study of these behavioral aspects poses specific problems, some of which can only be addressed by studying the patients directly. This should be performed using approaches designed to decipher the complexity of human behavior in the setting of severe intellectual disability ([@b36]). Currently, management of problematic behaviors in patients with Angelman syndrome is primarily based on behavioral approaches, but psychoactive medication (eg, neuroleptics or antidepressants) may be required. Coping strategies of caregivers often need to be reinforced by counseling.
